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(54) PENICILLINS 

. (71) We, AMERICAN HOME PRODUCTS CORPORATION, a corpora- 
tion orgamsed and existing under the laws of the State of Delaware, United States of 
America, of 685 Third Avenue, New York 17, New York, United States of America, 
do hereby declare the invention for which we pray that a patent may be granted to 
us aad the method by which it is to be performed, to be particularly described in and 
by the following statement: — 

This invention relates to 6^2-amino-hexahydro-2-mdancarboxamido)penicillanic 
acids and • 6-(lA3 s 4,5 J 6,7 J 8,9,10-decahydronaphmalene-2-ammo-2-<^boxamido)pem 
lame acids having broad spectrum antimicrobial activity against gram-positive and 
gram-negative micro-organisms, i.e. bacteria, including penicillin resistant staphylococci 
It also relates to processes for preparing such compounds. These penicillins are rela- 
tively acid resistant and are thereby effective on oral administration and they have 
low solubility which makes them useful in repository injectable dosage forms without 
the necessity for forming salts thereof with organic bases. 

The invention provides a process for the preparation of a penicillin having the 
general formula 
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C0-HH-pH-CH / 



M — CH-C008 
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(I) 

RitS**? iS 3 u T hl ° S f° Up or „ a P rotected group or an azido or nitro grouu, 
R 1 and R- are hydrogen, lower alkyl, lower alkoxy, aryl or aryloxy and n is 1 or 2 or 
a salttiiereof in which. 6-aminopenicillanic add orTfunSKerivative tiiereof is 
acylated with an acid of general formula mereo1 1S 



20 



Rl^ R? 



COOH 
H 2 ln 



wherein R l , R 2 , Z and n are as defined above, or its functional derivative and, if 
desired a protecting group is removed or an azido or nitro group Z is reduced to an 
£> ammo group. 

In the above process, the 6-aminopenicillanic acid or a functional derivative 
which includes salts and organo silyl and organosilenyl derivatives, is coupled with 
the ammo acid, protected amino acid or its precursor by methods generally known to 
[Price 2Sp] 
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form amide bonds in peptide and penicillin chemistry. Examples are reaction with an 
anhydride or mixed anhydride with an organic or inorganic scid or acyl hahde or 
functional ester (e.g. a «-nitrophenyl ester) derived from the add or with the acid 
itself in the presence of a dehydrating or functionalising agent such as a carbodiimide 

5 (usually dicyclohexvlcarbodiimide), N,N-carbonyldimidazole or an alkoxyacetylene. To 5 
prepare an anhvdride the acid is treated with a dehydrating agent, to prepare a mixed 
anhydride it can be treated with an acylating agent derived from an organic or inorganic 
acid, to prepare a corresponding acyl halide the acid can be reacted with halogenating 
agent such as thionyl chloride, phosphorous pentachloride or phosphorous penta- 

10 bromide. In carrying out such a reaction, free amino groups are protected and the ™ 
protecting group is removed in known manner. To avoid the need for such protection 
the amino group can be generated from an azido or nitro as aforementioned by 
generally known methods such as catalystic hydrogenation for instance over a platinum 
group metal (Pr, Os, Pd, Rh, Ir, Re) or Raney nickel catalyst or electrolytic reduction 

15 or, with a nitro group, by treatment with a reducing agent. All of these reactions are 
carried out under conditions mild enough to avoid destruction of the penicillin nucleus. 
When Z is — NH 2 the compounds are active penicillins provided by the invention. 
When Z lias one of the other meanings the penicillins arc valuable intermediates for 
those where Z is — NH 2 . . 9n 

20 When an amino group has to be protected it is much preferred to bring this about 

by the use of an N-carboxyanhydride, preferably carrying out the coupling reaction 
under acid conditions such as pH 3—6.5 or even up to pH 8 since a separate step 
for removing the protecting group is thereby rendered unnecessary. However, protec- 
tion can also be by any of the protecting groups known in the penicillin and peptide 

25 arts, for instance using a benzyloxycarbonyl radical which can for instance be sub- 
stituted such as by halo, nitro or alkoxy in the benzene ring, particularly at the para 
position, a benzhydryloxycarbonyl radical, a trityl radical, an alkoxycarbonyl radical 
particularly /-butyloxycarbonyl, allyloxycarbonyl or ^,^-tricliloroethyloxycarbonyl, a 
sulphur containing radical such as a trityJsulphenyl, o-nitrophenylsulphenyl or other Q 

30 arylsulphenyl radical, or a radical obtained by reacting the free amino group with a 
/?-dicarbonyl compound such as acetylacetone, acetoacetic esters or benzoylacetone to 
form enamines or Schftf bases or with an aldehyde, e.g. an aromatic hydroxyaldehyde, 
to form a Schiff base, or a trifluoroacetyl or p-tolylsulphenylethoxycarbonyl group. 
Protection can also be by protonation for instance as a hydrohalide or other acid addi- ^- 

35 tion salt. The removal of protecting groups after the coupling reaction is also well 
known to the art, usually by mild acid or base catalysed hydrolysis or by hydrogenolysis 
over a noble metal or Raney-Nickel catalyst. For instance benzyloxycarbonyl and 
related groups and trityl groups can be removed by catalytic hydrogenation or electro- 
lytic reduction and a X/^-tr 1 ^ 10 ^ 2 ^ 10 ^^ 0 ^ & 0U P can be readily removed 

40 by zinc in a lower aikanoic acid. In the case of sulphur containing radicals, enamines 4U 
and Schiff bases the protecting group is preferably removed by mild acid hydrolysis, 
for instance at a pH of about 2. A tertiarybutoxycarbonyl group is also preferably 
removed by mild acid hydrolysis, especially with formic acid. An o-nitrophenylsulphenyl 
or related group can be removed by nucleophilic attack on the sulphur atom of the 

45 sulphenamide group for instance using an alkali metal iodide, dithionite or thiocyanatc. 45 
Trifluoromethyl and />-tolylsulphenyIethoxycarbonyl groups can be removed by mild 
hydrolysis witii a base. 

If it is desired to use a functional derivative of 6-amino penicillanic acid, silyl 
derivatives can be those of general formula : 

50 I | | N CH 3 > 50 

j - n - — ch - c - q ~ si — fi s 
o N» 

where R s is a hydrogen atom or the radical 

R* 

/ 

— Si— R s 

\ 
R 8 
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%ri£i'Zi?ti\ l£ S K 3 ™ 6 01 d ¥ tta ? ^ each is an ^ ^loalkyl, aryl, or 
Lm with 11 J , te P , iepa , red 38 is weU known by reacting 64afc»Sfc£ 

Silene derivatives of 6-aminopenicillanic acid are the polymeric derivatives ore 
Sal LSa • S 6 - amm °P eniciUanic ™* with a substituted Sj^Sffiftf 



R* 

X— Si— X 



where X is a halogen, R* is as defined above or halogen, and R' is hydrogen alkvl 
cycloalkyl, aryl or aralkyl. The silene derivatives obtailed'have the inSS &uk f ' 



A 
-A- 



— CR-C-O-Si --IV] 



where R' and R T are as defined above, W is hydrogen or a radical of the formula 



A* 
I 

X — Si — 
I 



where X, R 4 and R° have the above meanings, m is 0 or 1 n is an ,Wa,»r f™, i 
to 25, p is 0 or 1 and Y is halogen or a group of genera? formula ^ 1 



CH3 S N 

Clljx-j CH-CD-HH2 
- 0-C-CB - B -C. 

8 



with the provisos that : 

(a) when m is 0 and p is 0, n is more than 1 and the two free valencies are joined 
together to complete a cyclic compound, valencies are joined 

(b) when n is more than 1, the moieties A of the additional groups B recur in random 
head-to-head, tail-to-tail and head-to-tail disposition, recur in random 

(c) m=p. 

alcohol* mtcf °°° V " V Ca " te rcm " ,td ^ "» soh ""!'* ™* *> 

carbon atoms Typical examples of the compounds of this invention are • 6 % amlnn 

»S& c S e Kldi -* ♦< l ^W*3ffl3l£5e: 
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In the new penicillins of the present invention which are represented by structural 
formula (A)^heacyl substituent has an asymmetric centre and two possible diastereo- 
sometric forms as well as the racemic forms thereof. If a woofer. optical isomeris 
desired it can be readily prepared from an appropriate starting material of the sam. 
ootical series obtained by a standard resolution procedure. 

The n?w penicfllii of the present invention can be prepared convenient y using 
N-carboxy anhydride which can be prepared by the preferred process depicted by the 
following reaction sequence: 






m 



VI ' » 

where R, R 1 , R 2 and n are as denned above and Y is — CH= or — CH,— CH=. 

The novel compounds of the invention may generally be prepared by reacting a 
suitable 4-substitoted-2,5-oxazolidinedione (also known i as an N-carboxy ammo acid 
anhydride or NCA) with 6-amino-penicillanic acid (6-APA . Preferably, a solution of 
6-APA and triethylamine is first prepared which is slightly acid (e.g. about pH 6j. 
Thereafter the selected N-carboxy anhydride is added, and the reaction mixture stirred. 
The novel compounds of the invention, resulting from the reaction between 6-Ai A and 
the N-carboxy amino acid anhydride may then be recovered by conventional pro- 
cedures such as filtration, concentration, water extraction and precipitauon from organic 

S ° lve The^-c*?oxy'ainino acid anhydrides suitable for preparing the new penicillins 
of Formula I above when n is 1; i.e. the 2-aminohexahydro-indane-2-carboxyhc acid 
NCA's, may be prepared by a synthesis which starts with the preparation, from a 
selected indane, of the corresponding 2-indanone by the method described by Rose 
Dorfman and Linfield in the Journal of Organic Chemistry 29, 1793, 1964. The 
hydantoin of the 2-indanone may then be prepared by the generally known me died tor 
reacting the 2-indanone with ammonium carbonate and potassium cyanide m an organic 
solvent The resulting 2-indanoue hvdantoin may then be transformed to the 2-amino- 
indane-2-carboxylic acid by ring splitting hydrolysis, as by heating in the presence of 
barium hydroxide. The benzenoid moiety of the amino acid may be reduced to the 
corresponding hexahydro moiety by hydrogenation of said acid in an inert solvent, 
such as water in the presence of rhodium on carbon as catalyst, at a temperature 
within the range of about 10 to 60'C, as is also known to those skilled m the art. 
The NCA of the resulting 2-amino-hexahydroindane-2-carboxyhc acid may be pre- 
pared by the phosgenation of said acid. The N-carboxy amino acid anhydrides suit- 
able for use in the preparation of the novel penicillanic acid compounds of this inven- 
tion may also be prepared by other known procedures such as those referred to or 
described, for example, in U.S.P. No. 3,194,802 of H. E. Alburn, N. H. Grant and 

H. Fletcher, 3rd. , . . ... tc „. 

The N-carboxyanhvdrides suitable for preparing the new penicillins of Formula 
I wherein n is 2; i.e., 1,2,3,4,5,6,7,8,9,10-decahydronap^ 

acid NCA's, may be prepared by a general synthesis similar to that set forth above, 
with merely the substitution of a selected 1.2.3,4-tetrahydronaphthalene for the indane 
starting material of the first synthesis. . • 

The new penicillin compounds of the series defined above show desiraole broad 
spectrum antibacterial activity and are useful as therapeutic agents for poultry and 
mammals in the treatment of Infectious diseases caused by gram-positive and gram- 
negative bacteria, and are of surprisingly good activity particularly with respect to 
penicil'in-resistant strains of staphylococci, by either parenteral or oral administration. 
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As parenteral antibiotics, they are particularly effective since, as referred to herein- 
before, they have low water-solubility which makes them useful in repository injectable 
dosage forms, without the necessity of forming salts of the new penicillins of Formula 
5 t r W C base8 -, As J a, . so . refe F red t0 hereinbefore, the new penicillins of formula 
5 I are effective on oral administration because they are relatively add resistant 

These compounds are, therefore, of value as antibacterial agents, nutritional 
supplements in animal feed; agents for the treatment of mastitis in catde; and as 
therapeutical agents in poultry and mammals, in the treatment of infectious diseases 
10 aan5udsStion 3m " P ° SmVe e ram - ne S ative bacteria, upon either parenteral or oral 

... Th e penicillin compounds of die invention, in addition to being advantageously 
utihsable in their acid form, as noted hereinbefore; may also be used in the form of 
the dterapeuticaUy-active salts thereof, as will be understood by those skilled in the 
art By way of example they can be used in the form of their non-toxic, biologically 
active salts, mcluding non-toxic acid addition salts at an amino group, e.g. the hydro- 
chloride, sulphate, fumarate, and maleate, or non-toxic metallic salts at the carboxv 
group, such as alkali or alkaline earth metal, e.g. sodium, potassium, calcium and 
aluminum salts and as organic salts, e.g. the ammonium salt and substituted ammonium 
salts, e.g. salts of such non-toxic amines as trialkylamines, including triethylamine 
procaine dibenjylamine, N-benzyL/J-phenethylamine, N,N-aIkylene diamines such as 
N,N'-diben2j'ethylened,amine, N-(Jower)alkylpiperidine, e.g. N-emylpiperidine 
dehydroabietylamine, N,N'-bisdehydroabietyle%lenediamine and other ZineJwhTch 
have been used to form salts with benzyl-penicillin, phenoxymethyl penicillin and 
like. Separation of the desired product in the form of a salt is carried out bftteat! 
mem with a base such as an alkali or alkaline earth metal salt of a relatively weak 25 
acid such as 2-ethylhexanoic acid. wcax 

,w^V he ^P 0 ™^ ° f * is "vention are employed in mammals, e.g. mice, rats, 
dogs, monkeys and the like, they may be administered orally or parenferally Thus 
the invention also concerns pharmaceutical compositions comprising a compound of 
30 general formula I where Z is — NH 3 or a non-toxic salt thereof, in assodSnTith a 30 
pharmacolog,caUy acceptable carrier. The carrier can be solid or liquid or a JxSre 
Aereof and any suitab e carrier known in the an can be used. The compoltton cS 
*"» of a s f able do i a ge form for example a solution or suspenrion or i^a 
35 SRSStoS 28 3 ° f """^ UtiliS, ' ng conventional s <*^> «££ 

Naturally, the dosage of these compounds will vary somewhat with the form of 
administration and the particular compound chosen. Furthermore, it will va^ wiSTthe 
particular subject under treatment, in general, the compounds of this taSaf are 

rf«r^V^ stered at dosage ^ vels simiIar to *~ of <£££c£F£*£ 

The following examples are given by way of illustration: 
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45 _ EXAMPLE 1 4 5 

a n ^( 2 - Ami ?°- he xahydro-2-indancarboxamido)Penicillanic Add 
A. Preparation of 2-indanone 

325 ml. of 99% formic acid, 34 ml. of water, and 70 ml. of 30% hydrogen ner- 
oxide were mixed and warmed to 35°C. over fifteen minutes. Freshly dSedkdene 

50 (58.1 gms.) was added over 2 hours while maintaining a temperature of 34— 36°ff *n 
mth a cool water bath. The mixture was stirred anWioStaS at ifcle-C 
and then overnight at room temperature. 

10.6 gms. of the heptahydrate of ferrous sulphate were added in 53 ml of warer 
to remove me active oxygen compounds and the solution was concentrated to 170 

55 ml n vacuo. A solution of 140 ml. of concentrated H 2 S0, in 860 ml of water was 55 
added and 200 ml. of distillate was steam distilled. The distillate was J^J^^Zt 
3X100 ml. of methylene chloride. The extracts were £22 ^HaS^lS 

60 B. Preparation of 2-indanone hydantoin 

2 ^oc n0ne / V" 5 I™' (0 : 17 moles )> ammonium carbonate monohvdrate 48 5 
gms. (0.425 moles), and potassium cyanate 16.3 gms. (0.25 molest Z?5SSii.w^ 
ml. of formamide and heated in a pressure bomb at IWC Sght Se Soled 



60 
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reaction was diluted with 600 ml. of water and acidified with concentrated HCI to a 
pH 2 with good ventilation. The precipitate was filtered, washed with water and 
dried. MP 255— 7"C. Yield: 46—5 gnis. wet. The material was purified by dissolv- 
ing in 5% aqueous NaOH, extracting with ether, and acidifying. MP 260— 262°C. 

5 C. Preparation of 2-aminoindane-2-carboxylic acid 

2-Indanone hvdantoin 55.75 gms. (0.273 moles), barium hydroxide octahydrate 
215 gms. (0.685 moles) and 3C0 ml. of water were heated in a bomb at 200°C. for 
20 hours. The pressure reached 250 p.s.i. The hydrolysis mixture was acidified with 
concentrated HCI to pH 2, heated to boiling, treated with Darco G-60 and filtered. 
10 "Darco" is a Registered Trade Mark. 38 ml. of concentrated H 2 S0 4 was added to 
the filtrate with stirring and the slurry was heated and filtered. The BaS0 4 precipi- 
™ tate was washed with hot water and the combined filtrates were evaporated to dryness. 

^ The residue was dissolved in 100 ml. of water and adjusted to pH 4.5 with aqueous 

^ 1 ' NaOH and chilled. The product was dried. A second crop was obtained by concentrate 

15 ing the mother liquor. 
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Yield: 1st crop 12.2 gms. MP 309— 311°C 
2nd crop 3.8 gms. MP 291— 293°C. 

Total 16.0 gms. 33% 

D. Preparation of 2-amino-hexahydroindane-2-carboxylic acid ofl 
20 Hydrogenation of the 2-aminoindane-2-carboxylic acid was carried out by utiliz- 
ing 17.7 g. of the amino acid, 8 ml. of concentrated HCI, and 2 g. of 5% rhodium on 
charcoal in 150 ml. of water in the Parr bomb, first at room temperature and then 

at 50°C. The system was filtered, and the filtrate was adjusted to pH 5.5 with NaOH. 
Crystals appeared after chilling. Yield: 12 g. Calcd. for C i0 H :7 N0 2 : C, 65.54; H, 
25 9.35; N, 7.64. Found: C, 64.56; H, 9.36; N, 7.68. ZD 

E. Preparation of N-carboxy-2-amino-hexahydroindane-2-carboxylic acid anhydride 
N-carboxy-2-amino-hexahydroindane-2-carboxylic acid anhydride was prepared 

by treating 10 g. of the amino acid prepared in D. above in 500 ml. of dioxane with 
phosgene at 90° for 2£ hours. The clear solution was flushed with dry N 2 and evapora- 
30 ted to a semi-solid. This was dissolved in 75 ml. of warm ethyl acetate and crystallised 30 
by adding 75—100 ml. of hexane and chilling to 0°. Yield: 6.5 g. Calcd. for 
C^NO,: Q 63.13; H, 7.22; N, 6.69. Found: C, 63.20; H, 7.15; N, 6.76. 

F. Preparation of 6-C2-amino-hexahydro-2-indancarboxamido)penicillanic acid 

A suspension of 5 g. of 6-APA in 50 ml. of water was adjusted to pH 6.2 with 
35 triethylamine. There was then added 4 g. of N-carboxy-2-amino-hexahydro-2-indan- 35 

carboxylic acid anhydride, and the resulting suspension was stirred at 4° for 5 days. 

The suspension was filtered, and the collected material was washed with water, 

suspended in 150 ml. of ethyl acetate, and stirred at room temperature for 20 minutes. 

The insoluble material was collected by filtration, washed with ethyl acetate, and 
•10 suspended in 100 ml. of water. After adjustment to pH 6.3 with triethylamine, the 40 

product was collected, washed with water, and dried. The yield was 5.3 g. Analysis : 

Calcd. for Q s H. 7 N s 0 4 S.H 2 0: C, 51.7; H, 7.43; N, 10.0; H 2 0, 8.6. Found: Q 

51.7; H, 7.15; N, 9.99; H.0, 8.1. 

EXAMPLE 2 

45 6-(2-amino-hexahydro-2-indancarboxamido)penicillanic acid 45 

A mixture of 20 g. of 6-APA and 250 ml. of water was adjusted to pH 6.0 with 
triethylamine. After chilling to 4°, there was added 16 g. of N-carboxy-2-amino-hexa- 
hydro-2-indancarboxylic acid anhydride prepared as in Example 1, and stirring was 
carried out for 5 days. The suspension was filtered, and the precipitate was washed 

50 with 350 ml. of water and then dried under vacuum. The infra-red spectrum revealed 50 
the presence of residual N-carboxyanhydride; therefore, the product was washed by 
suspension in 500 ml. of ethyl acetate. The product was washed again with 400 ml. of 
water and was then filtered and dried giving 16.9 g. Analysis: Found: C, 51.7; H, 
7.16; N, 10.2; H.O, 8.39. 

55 EXAMPLE 3 55 

6-(2-amino-hexahydro~2-indancarboxamido)penicillanic acid was demonstrated to 
be superior to its aromatic analogue, 6-(2-amino-2-indancarboxamido)penicilIanic acid, 
when tested by standard testing procedures against a series of organisms, with the 
results set forth in the following Table A: 
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Test Organism 

Bacillus subtilis 6633 

Staphylococcus aureus 6538P 

Staphylococcus aureus Smith 

Staphylococcus aureus CHP 

Staphylococcus aureus 53 — 180 

Neisseria catarrhalis 8193 

Escherichia coli 6880 

Escherichia intermedia 65 — 1 

Salmonella paratyphi 11737 

Enterobacter aerogenes 884 

Klebsiella 10031 

Proteus vulgaris 6896 

Herellea sp. 9955 

Range tested: .0009—250 /tg/ml 



Table A 

Minimal Inhibitory Concentration, /ig/ml 
6-(2-amino-2- 6-(2-amino-hexahydro- 
indancarboxamido) 2-indancarboxamido) 
penicillanic acid penicillanic acid 



1.95 
.976 
.976 
7.81 
31.3 
7.81 
250 

31.3 
7.81 

250 
125 



0.244 
0.488 
0.488 
15.6 
7.81 
1.95 
3.90 

125 
15.6 
0.488 

125 

125 

250 
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_„ . . j EXAMPLE 4 

Followmg the procedure of Example 1, a series of N-carboxy amino acid anhyd- 

wfe flffi^ "?* ? e ktter '. aS * iven in Table B bel ™> arTrespectively 3ed 
with 6-APA to obtain the respective penicillin products also given in the Table. 

Table B 
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N-Carboxy Amino Acid Anhydride 
2-Amino-4-butyl-l 3 2,3,4,5,6,7,8- 

hexahydro-2-indancarboxylic acid 

N-carboxyanhydride 
2-Amino-3-phenoxy-l,2,3,4,5,6,7,8- 

hexahydro-2-indancarboxylic acid 

N-carboxyanhydride 
2-Amino-4-phenyl-l,2,3,4,5,6,7,8- 

hexahydro-2-indancarboxylic acid 

N-carboxyanhydride 
2-Amino-l,2,3,4,5,6,7,8,9,10- 

decahydro-3,6-dimethyl-2-naphthoic 

acid N-carboxyanhydride 
2-Amino-U,3,4,5,6,7,8,9,10- 

decahydro-7-ethoxy-2-naphthoic 

acid N-carboxyanhydride 
2-Amino-U,3,4,5,6,7,8,9,10- 

decahydro-6-methoxy-2-naphthoic 

acid N-carboxyanhydride 



Penicillanic Acid Product 
6-(l,2,3,4,5,6,7,8-hexahydro- 
indan-2-amino-4-butyl-2- 
carboxamido)penicillanic acid 
6-(l,2,3,4,5,6,7,8-hexahydro- 
indan-2-amino-3-phenoxy-2- 
carboxamido)penicillanic acid 
6-(lj2»3,4,5,6,7,8-hexahydro- 
indan-2-amino-4-phenyl-2- 
carboxamido)penicillanic acid 
6-(2-Amino-U^,4^,6,7,8,9,10- 
decahydro-3,6-dimethyl-2- 
naphthamido)penicuTanic acid 
6-C2-Amino-l^,4^,6,7,8,9,10- 
decahydro-7-ethoxy-2-naphthamido) 
penicillanic acid 

6-(2-Amino-l,23,4,5,6,7,8,9,10- 
decahydro-6-methoxy-2- 
naphthamido)penicillanic acid 
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EXAMPLE 5 

A mixture of 43.2 g. of 6-APA, 425 ml. of methylene chloride and 40.5 e of 
tnethylamine, was treated with 25.8 g. of dimethyldichlorosilane at 10-15°C and 
the mixture refluxed gently for two hours. The mixture was treated at 0°C with 
k, °i P^jne, and then 47.4 g. of 2-amino-hexahydroindane-2-carboxylic acid 
chloride hydrochloride was added portionwise over 20 minutes at 0°C. After stirring 
at 0°C and finally at 20°C. for one hour, the reaction mixture was poured So 

a nH 525 f^™?®*: " 20 ; C '. the Induct was collected by filtration, washed 
and dried to yield 51 g. of 6-(2-ammo-hexahydro-2-mdancarbox^do>pemdllanic 



45 
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EXAMPLE 6 

To 10.8 g. of 6-APA and 105 ml. of methylene chloride, 12.6 g. of triethylamii 



ne 



30 



| > °V < * S ) < ^CO0H 
^s>-(Cfl 2 | n 
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and 67 g. of N,N-dimethylaniline were added. After stirring at reflux for one hour, 
O the mixture was cooled and 10.S g. of trimethylchlorosilane was added dropwise at 

Up 150c The mixture was refluxed for 45 minutes, cooled under nitrogen to 15 C, 
and 15 ml', of 0.8 M dimethylaniline dmydrochloride in methylene chloride was added. 
m 5 Thereafter, 11.8 g of 2-amino-hexahydroindane-2-carboxyIic acid chloride HCI was 
W " added portionwise at -10°C. over 20 minutes. The mixture was stirred for an addi- 
0> tional hour while the temperature rose to 20 C C. The reaction mixture was poured 
=• ■ into 100 ml. of cold water with stirring and the two-phase mixture clarified by nltra- 
# ' tion. Dilute sodium hydroxide solution was added to the filtrate at 5— 10°C. to pH 

10 5.4. spring overnight at room temperature, the crystalline product was col- 
lected by filtration, washed with water and finally with acetone, and then dried at 
^ 45°C, to yield 13 g. of 6-2-amino-hexahydro-2-indancaiboxamido)penicilIan!c acid. 

WHAT WE CLAIM IS:— , . . ,c 

Jl? 15 1. A process for the preparation of a penicillin having the general formula " 

Q 

ICH 2 ]„ ^ - N — CH -CO0H 

0 

in which Z is an amino group or a protected amino group or an azido or nitro group 
R 1 and R- are hydrogen, lower alkyl, lower alkoxy, aryl or aryloxy and n is 1 or 2 
or a salt thereof in which 6-aminopenicillanic acid or a functional derivative thereof 
20 is acylated with an acid of general formula 20 

" % CO0H 



wherein R 1 , R 2 , Z and n are as defined above, or its functional derivative and, if 
desired, a protecting group is removed or an azido or nitro group Z is reduced to an 

amino group. . . 25 

25 2. A process according to Claim 1 in which 6-ammopenicillanic acid or a salt or 

organosilyl or organosilenyl derivative thereof, is acylated. 

3. A process according to Claim 2 in which the acyiation is by reaction with an 
anhydride, mixed anhydride or N-carboxyanhydride or acyl halide of an acid of general 
formula 



30 



where Z, R 1 , R 2 and n are as defined in Claim 1 or with the acid or its salt in the 
presence of a dehydrating or functionalising compound such as a carbodiimide or an 
N,N'-carbonyldiimidazole or alkoxyacetylene, any amino group Z being protected and 
the protecting group removed in known manner. . , 

35 4. a process according to Claim 2 in which die acyiation is by reaction with an 35 

N-carboxyanhydride of general formula 

ft 2 .111 m 



where R 1 , R 2 and n are as defined in Claim 1. 



1,313,429 



*. 5 i * pr ° CeS i a( : c ° rdin g T t0 C[ *™ 1 in which 6-ammor*nicillanic acid or a salt 
thereof is reacted with an N-carboxyanhydride of general formula 

where R 1 , R 5 and n are as defined in Claim 1. 

. *• A Process according to Claim 5 in which the N-carboxyanhydride is prepared 
by conversion in known manner of an indane of general formuU P P 



ft' R2 




where R 1 and R 2 are as denned in claim 1 and Y is — CH CW— «r m , 

one of general formula CJi— 0 r — CH= to 



V— it«> 



which in turn is hydrolysed to an acid of general formula 

8. A process for the preparation of penicillins accordine to Claim 1 wActanriotl,, 
as described herein and shown with reference to sS For 6 substanUalI y 

of c2te ffffUf S3lt WhenCVer prepaKd b * a —ding to any one 

of Ote 5 P tof " ° r ^ ^ WheneVCT Piepared by 8 P rocess acc °^S to any one 
11. A penicillin having the general formula 



1,313,429 

12. A penicillin having the general formula 



C-N — CR-CGGH 



in which R l and R- are hydrogen, lower alkyl, lower allcoxy, aryl or aryloxy, Z is 
amino and n is 1 or 2 or a salt thereof. 

° f ' 16 A penicillin substantially as described herein with reference to any one of those 

USted 17 n I^pSASSSS^ uprising a penicillin or its salt as claimed 
in any one of SK Mo 16 in associatio/with a pharmacologically acceptable car- 

riCr ' 18. A pharmaceutical composition comprising a penicillin as claimed in any one of 
Claims 12 to 16 in repository injectable form. 

G. R. PORTER, 
Agent for the Applicants, 
c/o John Wyeth & Brother Limited, 
Huntercombe Lane South, 
Taplow, Maidenhead, Berkshire. 
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